Objective. There is evidence that children who are deaf and hard of hearing (DHH) have a higher incidence of behavioral disorders. Assessment of behavioral health in this population is often complicated by language developmental delays, which may result in unrecognized and untreated behavioral problems. The purpose of this study is to assess the association of behavioral disorders among children who are DHH and to explore behavioral interventions for children in this population.
H earing loss among children has a profound effect on communication, social, and educational development. 1 Compared with normal-hearing peers, children who are deaf and hard of hearing (DHH) are at higher risk of adverse social and emotional development, which may lead to disruptive behavioral problems. 2 In the general population, approximately 20% of young children exhibit disruptive behavior problems, 3 putting them at risk for substance abuse, academic deficits, and criminal charges. 4, 5 DHH children may be twice as likely as normal-hearing children to exhibit behavioral problems, even after successful hearing aids or cochlear implant interventions, 6 with up to 50% of DHH children experiencing significant disruptive behavior problems. 7 The habilitation and management of hearing loss among young children is complex, and the addition of disruptive behavior could further complicate language and social development. This vulnerable population deserves special attention in exploring the relationship between hearing loss and disruptive behaviors and how the treatment of hearing loss may influence the behavior of children.
Children who are DHH often undergo extensive testing that not only assesses auditory function and expressive/ receptive language development but, in some centers, also includes assessment of cognitive, emotional, and behavioral development. Multiple validated instruments have been used to assess the behavior of children with hearing loss. Child behavior can be measured directly through validated questionnaires given to parents or teachers, such as the Child Behavior Checklist, 8, 9 the Vineland Behavior Adaptive Scales, 10 and Strengths and Difficulties Questionnaire.
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Assessment and reporting of hearing loss among children are routine and relatively standardized; however, clinical assessment of disruptive behavioral disorders among children within the hearing health care setting lacks standardization in this population and may be complicated by a lack of experience in the use of these behavior assessment tools and the significance of their findings. Furthermore, there is a lack of understanding within this field regarding the association of disruptive behavioral disorders among DHH children, the methodology of assessment, and approaches to treat these problems. The purpose of this study is to assess the association of disruptive behavioral disorders with pediatric hearing loss and behavioral interventions for children in this population.
Methods
This systematic review was exempt from Institutional Review Board approval. The primary research objective was to answer the following question: Is there an association between hearing loss and behavioral problems among children? The primary outcome of behavior problems was any reporting or measurement of behavioral problems. These problems may manifest as disruptive or externalizing behaviors or internalizing behaviors. Externalizing behaviors are directed outwardly toward others and include aggressive and often impulsive behavior (eg, punching or kicking), destructive actions, temper tantrums, and other noncompliant behavior. Internalizing behaviors are those that are directed inward and may include depression, worrying, anxiety, social withdrawal, and low self-esteem. Secondary research objectives included evaluation of interventions to treat disruptive behavioral disorders in this population. The PRISMA checklist (Preferred Reporting Items for Systematic Reviews and Meta-analyses) was used as a guide for this systematic review. 12 We focused it on research reporting original data regarding the association of behavior problems in the childhood hearing loss population. We examined articles that employed possible interventions for children with hearing loss. The behavioral outcomes included internalizing and externalizing behavior, as well as some specific disorders noted in various articles. The inclusion criteria included (1) peer-reviewed articles reporting behavior problems among children with hearing loss, (2) articles reporting data on specific behavioral outcomes, and (3) articles with a pediatric population (\18 years). Exclusion criteria included (1) case reports or nonoriginal research and (2) language other than English.
Search Strategy
To perform a systematic literature review of disruptive behavioral problems of children with hearing loss, a search string was developed to include the following search terms: problem behavior, child behavior disorders/diagnosis, child behavior disorders/psychology coupled with hearing loss, cochlear implants, hearing aids, or deafness. Figure 1 shows the terms utilized as well as the inclusion/exclusion algorithm. A search strategy was developed with the National Library of Medicine's MeSH browser (Medical Subject Heading) in expanded concept view to identify indexed search terms (http://www.nlm.nih.gov/mesh/ MBrowser.html). An initial overarching search was conducted with PubMed, CINALH, PsychINFO, and Web of Science. ''All Fields'' was employed to ensure that all relevant articles including the search criteria were identified. The search was limited to articles in English published in the last 30 years (1985-2016) . The original search was initiated in early 2017. Additional articles were identified through review of the references from the publications of the original search, and duplicates were removed.
Data Extraction
Articles, titles, and abstracts were reviewed independently by 3 reviewers who selected or removed them per the inclusion and exclusion criteria of the review. If there was a disagreement regarding the inclusion of an article, it was included for full-text review to be more inclusive. Three reviewers independently completed full-text review of all eligible articles. After full-text review, any disagreement among reviewers concerning the inclusion of an article in the final review was resolved by obtaining majority consensus among the 3 reviewers and the senior author (M.L.B.). Each included article was reviewed independently by the reviewers to identify reporting of behavior problems among children with hearing loss, as well as specific descriptive factors concerning the study sample. Articles were also examined for potential interventions for DHH children with behavioral issues. These data were recorded separately and organized into tables. The level of evidence of each article was assessed according to the guidelines of the Centre for Evidence-Based Medicine. 13 Study bias was analyzed with the Study Quality Assessment Tools of the National Institutes of Health (National Heart, Lung, and Blood Institute) based on the study type. 14 
Results

Search Results
Through the initial search, 2085 articles were identified, and 862 duplicates were removed. Of the remaining 1223 articles, 1118 were excluded in a title/abstract review due to a lack of meeting the study criteria of child behavior problems, hearing loss, or providing original research data. The remaining 105 articles were investigated in a full-text review, where 69 were excluded due to inappropriate study population or the lack of validated instruments. The remaining 36 articles met the inclusion criteria and were included in this review. We found that 13 articles investigated the relationship of behavior and hearing loss while reporting the degree of hearing function and the use of hearing aids or cochlear implants ( Table 1) . [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] An additional 13 studies investigated behavior among DHH children, without specific information on degree of hearing function or use of hearing aids or cochlear implants ( Table 2) . [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] Eight studies assessed behavior among DHH children who had otitis media with effusion (OME) or minimal/unilateral hearing loss ( Table 3) . [41] [42] [43] [44] [45] [46] [47] [48] Of the 36 articles, 2 studies also explored interventional methods for this population. 49, 50 The included studies occurred from 1985 to 2015 and took place in the United States, Taiwan, New Zealand, Australia, Spain, India, the United Kingdom, Turkey, the Netherlands, Germany, and Canada. Study bias assessment is summarized in Table 4 Association of Behavioral Problems of DHH Children with Hearing Aids and Cochlear Implants Thirteen studies were identified that investigated the association of disruptive behaviors among DHH children with hearing aids or cochlear implants ( Table 1) . [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] These studies were grouped per the behavior assessment tool and level of evidence. The primary instruments used for behavioral assessment were the Child Behavior Checklist, Strengths and Difficulties Questionnaire, and Vineland.
These inventories have different subscales that assess a range of behaviors and behavioral conditions, and the reporting of the data varied extensively (including raw scores, scaled scores, or qualitative reporting). This diversity of reported data prevented quantitative meta-analysis. The age ranges of these studies and the types of patients studied also varied greatly. Ten studies addressed the behavior of children with cochlear implants. There was evidence of a strong association of internalizing behaviors among children with hearing loss. 16, 17, 19, 27 Chao et al reported that children with cochlear implants have more social problems and attention deficits. 19 Anmyr et al reported the results of a study with the Strengths and Difficulties Questionnaire and found that children with cochlear implants were more likely than their parents or teachers to report emotional symptoms, conduct problems, and overall behavior difficulties. 20 There is some evidence to suggest that cochlear implants may lead to a reduction of some behavior problems. Cruz et al found that externalizing behaviors decreased after cochlear implantation, while internalizing problems did not. 15 This was a finding reported by Edwards et al as well. 17 Using the Vineland Adaptive Behavior Scale, Beer et al found that cochlear implantation increases daily living skills and socialization behavior when compared with preimplantation status. 21 These positive behavior effects of cochlear implantation may not be seen among children with additional disabilities. Cruz et al reported that children with additional disabilities actually had an increase in externalizing behaviors after implantation. 15 Meinzen-Derr et al found that children with cochlear implants and additional disabilities have lower mobility and social function when compared with normal-hearing children with similar disabilities. 26 Two studies found no difference in the behavior assessment between DHH children and children with normal hearing function. Khan et al conducted a small-sample study and compared behavior outcomes using the Child Behavior Checklist among 3 groups of children (experienced cochlear implant users, hearing aid users, and age-matched normalhearing controls) and found no difference in behavior among them. 18 This finding was reported by Stika et al as well using the Vineland scale to compare behavior between hearing aid users and normal-hearing children. 22 
Association of Behavioral Problems among Other DHH Children
An additional 13 studies assessed the behavior of children with hearing loss; however, these studies did not specify the degree of hearing function or the use of hearing aids or cochlear implants ( Table 2) . [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] All these studies but 1 reported some degree of behavior problem among DHH children, but the studies were heterogeneous in the assessment tools, specific aspects of assessed behavior, and the reported outcomes. In a small-sample report, Dhartari and Murthy investigated behavioral problems among children with orthopedic, hearing, or speech problems and found no significant difference in behavior problems of DHH children 39 ; however, in a follow-up study, the same group revealed significantly more disruptive behavior problems among DHH children. 38 Of these 13 studies, 2 did include a small number of cochlear implant recipients, but their outcome measures regarding behavior was not specifically addressed. 33, 35 Five studies utilized the Child Behavior Checklist in their samples, but actual reporting of prevalence of behavior problems among DHH children was found in only 1 study (41% of DHH children vs 16% of normalhearing children). 28 Although externalizing problems were reported in these studies, 28, 31 internalizing behaviors and social problems are more commonly reported findings for children with hearing loss. 29, 30, 32 Studies with the Strengths and Difficulties Questionnaire found higher conduct and hyperactivity disorders and emotional and executive function problems among DHH children; however, these findings appear to be more directly related to low language levels and poor language development than to hearing loss alone as an independent risk factor. [33] [34] [35] Using the Vineland scale to assess children prior to cochlear implantation, Horn et al found that the duration of auditory deprivation is directly correlated to socialization and daily living skill impairment.
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Association of Behavioral Problems and Hearing Loss among Children with OME or Minimal/Unilateral Hearing Loss
Eight studies were identified that examined behavioral problems among children with either OME or minimal/unilateral hearing loss ( Table 3) . [41] [42] [43] [44] [45] [46] [47] [48] A range of behavioral assessment instruments was used in these studies. Regarding OME, a large longitudinal cohort study with the Child Behavior Checklist in a group of children found no association between hearing loss and behavioral problems. 41 This was also reported by Minter et al. 43 However, a large cohort study with a similar level of evidence used Rutter's Behavior Scale and the Connors' Hyperactivity Index and found an association between OME and hyperactive, antisocial, and neurotic behavior. 42 This study was significantly limited by a crude assessment of OME through subjective parental report of suspected/confirmed hearing loss and purulent ear drainage. Studies with a lower level of evidence conducted by Gouma et al 44 and Silva et al 45 found that children with OME have a higher level of internalizing behaviors and a higher level of teacher-reported behavioral problems. Studies assessing unilateral or minimal hearing loss found greater attentional difficulties 46 and emotional labilitiy 48 but no difference in overt behavioral problems when compared with children with normal hearing. 47 
Interventions for Behavioral Problems among Children with Hearing Loss
Two studies assessed specific interventions to address the behavior of DHH children. 49, 50 Adams and Tidwell performed a study assessing the effectiveness of the Self-instructional Parent Program in reducing parental stress and child disruptive behavior. 49 These authors employed 7 datagathering instruments, including the Child Behavior Scale and the Eyberg Child Behavior Inventory. The results showed no significant differences between the intervention and control groups concerning the incidence of disruptive behavior and also no significant differences pre-and posttreatment in the intervention group. Filial therapy, or play therapy, involving teachers of DHH children was also studied as a potential intervention for children with hearing loss and behavioral problems. 50 Smith and Landreth performed a study in which they employed an adaptation of the Landreth 10-week filial therapy model 51 using teachers of DHH students. The students receiving the intervention scored significantly better than the control students on multiple behavioral subscales, including total behavior problems, internalizing behavior, and withdrawn behavior. These students did not score significantly better on the subscales for externalizing behavior, anxiety/depression, or aggressive behavior.
Discussion
Hearing loss is a significant public health issue that affects 32 million children worldwide. 1 Timely initiation of hearing rehabilitation with hearing aids or cochlear implants improves language development and social adjustment. 52, 53 Unfortunately, the benefits from treatment of hearing loss and speech do not necessarily extend to child behaviors; for nearly half of DHH children, behavioral problems persist after typical early intervention for hearing impairment. 25, 54 Approximately 20% of young children with normal hearing exhibit early disruptive behavior problems, 3 yet there is evidence to suggest that young DHH children are more than twice as likely to exhibit these problems. 2 In the general population, very young children with disruptive behavior problems are at increased risk for escalating behaviors, including bullying, physical aggression, vandalism, and criminal acts. 4, 5 Without intervention, behavioral problems often persist, 55, 56 and 1 in 5 preschoolers with subclinical levels of disruptive behaviors (75th-90th percentiles) increase to clinical levels (.90th percentile) within 1 year. 57 Children with disruptive behavior problems frequently experience comorbid internalizing symptoms (ie, depression and anxiety), 58 which are difficult to detect among young children. 59 Additionally, untreated early-onset disruptive behavior problems lead to a nearly 10-fold increase in costs associated with education, health, and criminal justice through early adulthood. [60] [61] [62] Although behavior problems and hearing loss among young children may be associated, the implications of this relationship are unknown. There are conflicting views of the relationship between hearing impairment and disruptive behavior, but there is also limited research on effective interventions. This systematic review assessed the relationship and characteristics of behavioral problems among DHH children, as well as the interventions used to address the behavior of children with hearing loss. These studies demonstrated the nature of behavioral problems among DHH children, with internalizing disorders being most prominent across studies. The range of behavioral assessment instruments and study samples complicated comparison of findings. The care of children with hearing loss is complex but could be further complicated by behavioral problems. Withdrawn internalizing behaviors could negatively affect social development and academic performance but also hearing and language rehabilitation. 39, 48 For DHH children, behavioral problems could negatively affect adherence to the prescribed use of hearing aids and cochlear implants. A few studies investigated adherence, suggesting that the majority (.80%) of parents overestimate the amount of time that their preschool-age DHH children adhere to hearing aid and cochlear implant use, 63, 64 with nearly one-third reporting that their children's mood, fatigue, and temperament pose obstacles to adherence. 63 The persistence of behavioral problems following effective hearing intervention suggests that hearing loss alone is not their cause, and studies have attempted to elucidate the etiology of behavioral problems of DHH children. 16 Multiple contributing factors were hypothesized to cause disruptive behaviors in this population, including poor integration of cognitive function, 38 difficulty controlling visual attention resources, 37 ''sensory overload'' in environmental surroundings, 34 sensory deprivation, 36 and low lingual competency. 33 Compelling evidence for the role of language in the development of child behavior problems was recently reported from a study of severely to profoundly deaf children between the ages of 18 months and 5 years. 16 The literature addressing the etiology of behavior problems of DHH children, however, conspicuously omits parenting behaviors as a contributing factor. There is extensive evidence that inconsistent and/or coercive discipline causes and maintains child behavior problems, 65 and there are commonalities and overlap among theories emphasizing the role of parenting behaviors in the development and maintenance of child behavior problems. 66, 67 There is a significant gap in the literature regarding intervention development, adaptation, and implementation for treatment of behavioral problems for children with hearing loss. Behavioral parent training interventions have consistently demonstrated efficacy and effectiveness in reducing disruptive behavior problems and their costly consequences among normal-hearing children. Positive outcomes in parenting practices and child behaviors were reported 8 to 12 years postintervention, 68 including reduced antisocial behaviors and drug use by teens whose parents received the intervention during their children's elementary school years. 65 Based on the Stevenson et al study, 54 hearing loss treatment alone is not likely adequate to treat disruptive behavioral problems, and only 2 studies were identified that employed interventions in this population. 49, 50 Adams and Tidwell utilized a self-instructional parent program, which was subjectively viewed by parents as being effective but did not translate into significant changes in disruptive child behaviors. 49 Filial therapy investigated by Smith and Landreth showed a significant decline in internalizing behaviors; however, this was administered among school-age children, and teachers played a critical role in delivery of the therapy. 50 There are limitations of intervention research in this area. Although the filial therapy was effective, it was assessed only for school-age children and has not been tested for younger children. Early intervention for hearing loss is critical to improved lifelong language outcomes, but early intervention for behavioral problems is also important to prevent lifelong consequences. Untreated early emergence of disruptive behavior problems among preschool-age children leads to a lifetime trajectory of school problems, substance use, antisocial behaviors, and poor health-related quality of life. 4, 69 The therapies found through this review required 8 to 11 weeks to complete the intervention, and it is likely that parents of hearing-impaired children concurrently invest a significant amount of time and resources in treatment and rehabilitation of hearing loss, which could affect willingness and adherence to seek and participate in additional behavioral health interventions. Although evidence-based behavioral interventions were tested among normal-hearing children, 70, 71 there is a need for further investigation involving the application and adaptation of these parent/family interventions to address disruptive behavioral problems while taking into consideration the unique needs of children with hearing loss and their families.
There are multiple limitations of this review as well as the articles included in it. In spite of thorough search criteria, it is possible that relevant articles were excluded. Outcome reporting bias is also a limitation of these studies based on the broad variety of measures and methods of data collection. For assessment of both disruptive behavior and parental stress, some studies utilized validated instruments, while others used nonvalidated instruments, participant interviews, or surveys. The lack of measurement of behavior before and after treatment and the lack of regression modeling to control for confounding variables, such as age of the child and age at hearing loss diagnosis/treatment, are significant limitations to many of these studies. There is significant bias within these articles due to the nature of their study designs (retrospective, cross-sectional, and prospective cohort designs). Many studies represented pilot work with small sample sizes (\50) and poor representation of the overall population, which introduced selection bias and publication bias. Furthermore, there was a wide age difference within some studies, with limited analysis to control for sociodemographic and/or economic factors. Conclusions drawn from this systematic review are limited, as a metaanalysis could not be performed to assess the incidence of disruptive behavioral disorders among children with hearing loss due to inconsistency between study outcome measures and diagnostic criteria employed. Also, the studies included a generational gap, as this review spans 1985 to 2016.
Conclusion
This review investigated the association of behavior problems and intervention methods for behavioral problems among DHH children. A significant body of evidence demonstrated an association between behavioral problems and hearing loss among children, with internalizing problems being most prominent. There is a lack of understanding of the mechanisms involved and the clinical implications of these concurrent conditions. There is also limited evidence on interventions to address behavioral problems in this population. Future prospective studies are needed to clarify the incidence/prevalence of behavioral disorders in this population, to explore the relationship between the conditions, and to develop or adapt interventions to mitigate the long-term effects of disruptive behavior among these children.
